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MULTI-MODE WIRELESS BRIDGE SYSTEM AND 
METHOD USING A SINGLE-RADIO TRANSCEIVER 

Related Application(s) 

5 

The present application claims priority from a provisional patent application filed 
3/31/2003 under App. Serial No.: 60/458,621, which is incorporated herein by reference. 

Field of the Invention 

10 

The present invention relates to circuitry, and more particularly to radio transceiver 
systems. 

Background of the Invention 

15 

To facilitate the design and manufacture of wireless communication systems, a 
group of radio system experts codify the characteristics of a system into a standard. 
These characteristics typically include a specific operating radio frequencies, output 
power requirements, receiver sensitivity requirements, data rate requirements, 
20 communication protocols, security protocols, modulation types and spurious radio 
frequency emission requirements to name a few. Many standards exist for different 
wireless communication systems. These standards can be public domain or 
proprietary. Public standards include the well-known Global System for Mobile 
communication (GSM), Bluetooth™ and 802.1 1 standards. 

25 

Conventional practice is to design and optimize a radio transceiver targeted to a 
particular standard. For example, a radio transceiver to be used in a device that 
operates using the Bluetooth™ communication protocol is sized and customized to 
the Bluetooth™ protocol. Generally, the same can be said for radio transceivers 
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designed for use in devices that operate using the IEEE 802.1 1 communication 
protocol. 

However, there are many applications which need to operate in multiple 
5 communication protocol technologies, or operate multiple instances of the same 
communication protocol technology. In many of these applications, the information 
arrives on one communication protocol and is sent out on another communication 
protocol. For example, a GSM cellular telephone device may operate with a 
Bluetooth™ headset. The voice data is sent wireless from the headset to the cellular 
10 telephone on one communication standard, Bluetooth™, and then from the cellular 
telephone wirelessly to the cellular base station on another standard, GSM. Likewise, 
voice data might be received by a cellular handset from a cellular base station using 
the GSM standard and then retransmitted to the headset using Bluetooth™. 

1 5 There is also a trend to reduce cost in wireless transceivers. On way to do so is to 
use a multi-mode radio that is capable of transmitting and receiving multiple 
standards rather than using one radio for each standard. While using a multi-mode 
radio lowers the cost of the system, the disadvantage is that typically only one 
standard can be transmitted or received at a time. In addition, most integrated circuit 

20 radios can not receive and transmit at the same time. 

A multi-mode wireless bridge communicates to a plurality of other wireless systems, 
each of which may adhere to a different radio communication standard. The 
communication between two wireless devices is known as a link. A multi-mode 
25 wireless device can form links with other single-mode or multi-mode devices. Each 
link may adhere to a different communication standard. The bridge receives 
information on one link using a particular radio communication protocol, 
demodulates the signal to information bits, and then re-modulates and transmits on a 
different link using a different communication protocol. 

30 
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As shown in FIG. 1, a single-mode wireless transceiver 11 uses a first wireless 
communication standard to send information over a wireless link 12 to the multi- 
mode wireless transceiver 13. The multi-mode wireless transceiver 13 receives the 
signals, converts them to a second radio communication standard and transmits them 
5 over a wireless link 14 to a second single-mode wireless transceiver 15. This second 
single-mode wireless transceiver, in general, adheres to a second radio 
communication standard different than the first radio communication standard. 

In this way, the multi-mode wireless transceiver 13 has acted as a wireless bridge 
10 between the two single-mode wireless transceivers 11, 15. As an example, the radio 
communication standard described in this example could be Bluetooth™, HomeRF, 
802. 1 la or GSM. In general, a multi-mode wireless system can communicate with 
many different devices using different radio communication standards and thus, acts 
as a bridge between many standards. 

15 

A multi-mode wireless communication bridge is typically made up of multiple 
transceivers each designed for a specific standard. For these transceivers to coexist, 
they are isolated from one another through the use of electronic shielding and 
filtering. 

20 

FIG. 2 shows a traditional multi-mode wireless system supporting three standards. 
The first standard implemented in a multi-mode wireless communication system 
requires its own antenna 21, radio 22, and baseband sub-system 23 each tailored for 
the first standard. An additional standard in the multi-mode system requires another 

25 antenna 24, radio 25 and baseband sub-system 26. The third standard requires its 
own antenna 27, radio 28 and baseband sub-system 29. Each baseband sub-system 
can communicate to each other using a shared communication bus or shared memory 
20. When a baseband system demodulates the incoming signal into information bits, 
it can send the information bits to a different baseband system for retransmission 

30 using a different standard. A plurality of standards can be bridged this way in a 
multi-mode system. 
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Consequently, it is desirable to provide a multi-mode radio transceiver system that 
can bridge between multi-standards using only a single transceiver. 
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SUMMARY OF THE INVENTION 

A system and method are provided for communicating utilizing a plurality of 
5 different communication standards. To accomplish this, included is a single 
transceiver that utilizes a plurality of different communication standards. 

In one embodiment, the single transceiver may receive signals utilizing a first 
communication standard. Thereafter, the signals may be demodulated into 
10 information bits. Optionally, the information bits may be buffered. Still yet, the 

information bits may be re-modulated into signals utilizing a second communication 
standard. Further, the single transceiver may transmit the signals. 

In another embodiment, the single transceiver may utilize the plurality of different 
1 5 communication standards by multiplexing among the plurality of different 
communication standards. 

In still another embodiment, the single transceiver may be coupled to an antenna 
sub-system capable of communicating utilizing the plurality of different 
20 communication standards. Still yet, the single transceiver may be coupled to a 
plurality of baseband sub-systems each capable of processing one of the 
communication protocols. Optionally, the baseband sub-systems may share 
memory. 

25 As an option, the baseband sub-systems may be implemented utilizing a plurality of 
discrete processors. Further, the baseband sub-systems may be implemented 
utilizing a single integrated processor. 

In still yet another embodiment, a time or duration of access to the single transceiver 
30 by the baseband sub-systems may be tracked. Further, each of the baseband sub- 
systems may access the single transceiver during assigned time intervals. 
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In use, the baseband sub-systems may optimize the frequency or duration of 
transmissions or receptions in order to minimize radio utilization, minimize 
spectrum utilization, maximize link throughput, and/or optimize a system parameter. 

As an option, the baseband sub-systems may translate, code, or decode the 
information bits so as to make the information bits compatible with the plurality of 
different communication standards. 



10 
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Brief Description of the Drawings 
Prior art FIG. 1 illustrates the function of a multi-mode wireless bridge device. 

5 

Prior art FIG. 2 is an implementation of a multi-mode wireless system. 

FIG. 3 illustrates one embodiment showing a multi-mode wireless transceiver with a 
single radio and multiple baseband sub-systems. 

10 

FIG. 4 illustrates one embodiment showing a multi-mode wireless system with a 
single radio and multiple baseband sub-systems implemented on a single baseband 
processor. 

1 5 FIG. 5 illustrates the time-slicing mechanism of a single radio by multiple baseband 
sub-systems in a multi-mode wireless bridge. 

FIG. 6 illustrates the time-slicing mechanism of a single radio by multiple baseband 
sub-systems in a multi-mode wireless bridge. 

20 

FIG. 7 illustrates the function of a two-way multi-mode wireless bridge device. 

FIG. 8 illustrates the time-slicing mechanism of a single radio by multiple baseband 
sub-systems in a two-way multi-mode wireless bridge. 

25 

FIG. 9 is an illustration of a wireless communication system in which one 
embodiment may be used. 

FIG. 10 illustrates the functional components of a wireless communication device, 
30 shown in block diagram format. 
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FIG. 11 is an illustration of another wireless communication system in which one 
embodiment may be used. 
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Detailed Description 

FIG. 3 represents an embodiment where a single multi-mode radio transceiver which 
5 is capable of transmitting and receiving multiple standards replaces the plurality of 
radios shown in FIG. 2. In the context of the present description, a single transceiver 
includes a transceiver embodied on one or more integrated platforms that are capable 
of utilizing a plurality of communication protocols. For example, the single 
transceiver may be implemented utilizing multiple sub-system processors. Further, 
10 the baseband sub-systems may be implemented utilizing a single integrated system 
processor. 

In FIG. 3, a wireless communication bridge which supports three standards is shown. 
The system has one antenna 31 capable of transmitting and receiving multiple 
1 5 standards. Likewise, the system has a radio 32 capable of transmitting and receiving 
multiple standards, and the system has 3 baseband sub-systems 33, 34, 35 connected 
to the multi-mode radio. 

The present embodiment may optionally include multi-mode radio which cannot 
20 both transmit and receive at the same time. Furthermore, for the purpose of this one 
embodiment, the multi-mode radio may optionally be only configured in one 
communication standard at any one instance in time. Each baseband system can 
communicate with each other using a shared communication bus or shared memory 
36. When a baseband sub-system demodulates the incoming signal into information 
25 bits, it can send the information bits to a different baseband system for 

retransmission using a different standard. A plurality of standards can be bridged 
this way in a multi-mode system. 

FIG. 4 represents an embodiment where not only a single multi-mode radio replaces 
30 the plurality of radios in FIG. 2 , but a baseband system which supports many 
standards replaces the plurality of basebands in FIG. 2. In FIG. 4 a wireless 
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communication system which supports three standards is shown. As an option, all 
of the components shown in FIG. 4 may be embodied on a single semiconductor 
platform. 

5 The system has one antenna 41 capable of transmitting and receiving multiple 

standards. Likewise, the system has a radio 42 capable of transmitting and receiving 
multiple standards. Finally, the system has one baseband system 43 connected to the 
multi-mode radio. This baseband system supports the three (or some other number) 
standards and can retransmit information bits received using one standard on a 
10 different standard. A plurality of standards can be bridged this way in a multi-mode 
system. 

Since only one radio exists in the system described in FIG. 3 and FIG. 4, such 
embodiments encompass a method to share the radio between the multiple standards 
1 5 and their associated baseband system(s). 

Shown in FIG. 5 is the fundamental time slicing mechanism for one embodiment. 
The first baseband sub-system configures 51 the multi-mode radio to receive signals 
for a first standard and receives information for a period of time 52. As the first 
20 baseband system receives and demodulates the signal, it sends 53 the information 
received to a shared memory where it is buffered 54. 

Next, the second baseband processor configures 56 the multi-mode radio to transmit 
signals for a second standard and starts retrieving the information buffered in the 
25 shared memory. The second baseband processor then transmits this information 
using a second standard 57. Through this method, a single-radio multi-mode 
transceiver can bridge information between multiple communication devices which 
adhere to different standards. 

30 Wireless standards differ depending on what functions they have been optimized for. 
For example, cellular systems have a wide area of coverage but a low data rate. 
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WLAN has a much smaller of coverage but a higher data rate. When bridging 
between disparate standards, one embodiment may encompass any mechanisms to 
optimally restructure and reorganize the information bits to minimize the time the 
radio is used or to maximize the throughput of the wireless links. 

5 

For the purposes of the example in FIG. 6, Standard 1 is a lower data rate link than 
Standard 2. To optimize the system for minimal radio utilization, the system 
receives 2 packets of information for every one it transmits. To bridge the two 
Standards, the first baseband sub-system configures 61, 65 the radio to Standard 1 
10 and receives 62, 66 the information. 

After it receives the information from these two receptions 62, 66, the sub-system 
saves the information to a shared memory 63, 67 where it is stored 64, 68. Once 
enough data has been accumulated, the second baseband sub-system configures the 
15 radio 69, retrieves 611 both buffered groups of information bits, combines them, and 
transmits 60 them. By only transmitting 60 for every two receptions 62, 66, the 
multi-mode system can reduce the use of the radio. This allows the radio to enter a 
low-power mode of operation to conserve battery life 612 for example. 

20 As a further extension, one embodiment may encompass mechanisms to convert the 
information bits from one standard to another standard. For example, the GSM 
standard uses one type of voice codec and the Bluetooth™ standard uses another 
type of voice codec. This implies that Bluetooth™ cannot use GSM voice codec 
information bits directory. The information must be re-coded in a format 

25 Bluetooth™ can understand. Thus, this one embodiment covers the ability to 
translate information bits between the two standards. 

In such embodiment, after the radio receives the signal and a first baseband sub- 
system decodes the signal into information bits, then the first baseband sub-system 
30 or another baseband sub-system can translate those information bits into another 
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group of information bits. These bits can then be modulated and transmitted by a 
second baseband sub-system. 

In the previous examples, the information flow was unidirectional. However, this 
5 embodiment covers bridging wireless communication standards where the 

information flow is bidirectional. In this case, the bridging device both transmits 
and receives information on a first wireless link using a first radio communication 
protocol. In addition, on a second wireless link using a second radio communication 
protocol, the bridging device transmits and receives information. In use, the 
10 bridging device demodulates receptions, transfers the information bits between 
baseband sub-systems, and retransmits the information. 

As shown in FIG. 7, a single-mode wireless transceiver 71 uses a first wireless 
communication standard to send and receive information over a wireless link 72 to 

1 5 the multi-mode wireless transceiver 73- Likewise, a second single-mode wireless 
transceiver 75 uses a second wireless communication standard to send and receive 
information over a second wireless link 74 to the multi-mode wireless transceiver 
73. The multi-mode wireless transceiver 73 receives the signals, converts them to a 
different radio communication standard and retransmits them over a wireless links 

20 72, 74 to a second single-mode wireless transceiver 75. In this way, the multi-mode 
wireless transceiver 73 has acted as a two-way wireless bridge between the two 
single-mode wireless transceivers 71, 75. 

Since only one radio exists in the multi-mode bridge transceiver described in FIG. 7, 
25 this embodiment encompasses a method to share its radio between the multiple 
standards even when the wireless links are in two-way communications. 

Shown in FIG. 8 is one embodiment of radio time-slicing for two-way links in a 
multi-mode bridge. The first baseband sub-system configures 81 the multi-mode 
30 radio to receive signals for a first standard and receives information for a period of 
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time 82. As the first baseband system receives and demodulates the signal, it sends 
83 the information received to a shared memory where it is buffered 84. 

Next, the second baseband sub-system configures 85 the multi-mode radio to receive 
5 signals for a second standard and receives information for a period of time 86. As 
the second baseband system receives and demodulates the signal, it sends 87 the 
information received to a shared memory where it is buffered 88. 

Further, the first baseband processor configures 86 the multi-mode radio to transmit 
10 80 signals for the first standard and starts retrieving 89 the information buffered in 
the shared memory by the second baseband sub-system. The first baseband 
processor then transmits 811 this information using the first standard completing the 
bridge in one direction. 

1 5 Finally, the second baseband processor configures 813 the multi-mode radio to 
transmit signals for the second standard and starts retrieving 812 the information 
buffered in the shared memory by the first baseband sub-system. The second 
baseband processor then transmits 814 this information using the second standard 
completing the two-way bi-directional bridge. This is but one sequence of actions to 

20 create a two-way wireless bridge with a single-radio multi-mode transceiver. 

Using a single-radio multi-mode transceiver as a wireless bridge is a significant 
improvement over the prior art. Traditionally, multi-mode communication systems 
have a different radio for each communication standard it supports. This 
25 embodiment, on the other hand, requires only one radio, thus significantly reducing 
the cost of a multi-mode transceiver. 

This embodiment described is but one embodiment. A person skilled in the art 
could develop other embodiments based on the one described. Specifically, in the 
30 examples of this description, only two communication devices were bridged using a 
single-radio multi-mode wireless bridge; however, this technology covers bridging 
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more than two devices with more than two standards. In addition, actual radio 
standards such as GSM or 802.1 1 may have signaling structure implementations 
which differ from the generalized implementation described herein. 

5 FIG. 9 is an illustration of a multi-mode wireless communication system in which 
one embodiment may be used. It should be understood that the components shown 
in FIG. 9 are merely representative of one mode of wireless communication system 
and that other communication systems may use different components in order to 
achieve similar, or even different results. For example, a wired transceiver 
10 communication system may also be employed. The claims, therefore, are not 
intended to be limited to the system shown in FIG. 9. For example, the present 
technology may be implemented in a single-mode system. 

In the wireless communication system of FIG. 9, multi-mode, wireless 
1 5 communication devices, otherwise referred to herein simply as wireless 

communication devices, are shown as wireless communication devices 100a, 100b,. 
and lOOn, one or more wireless communication devices being assigned to each user 
in the system. The designations a, b, and n on the wireless communication device 
identifiers correspond respectively to a first user, a second user, and an nth user, 
20 representing "n" number of users in the communication system. Although only three 
wireless communication devices 100 are shown in FIG. 9, it should be understood 
that a wireless communication system typically comprises many thousands of users. 

Referring again to FIG. 9 control station 120 typically includes interface and 
25 processing circuitry for providing system control to base stations 110a through HOn, 
representing one through "n ,f base stations comprising the wireless communication 
system. Base stations are provided for transmitting and receiving communication 
signals to and from wireless communication devices. Each base station 110 provides 
a coverage area ranging up to several miles in radius from the base station location. 
30 As wireless communication devices travel within the coverage area of each base 
station, communication signals to be transferred to and from the wireless 
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communication device are routed generally through the particular base station to 
which the wireless communication device is most closely located. 

Control station 120 provides circuitry for routing communications between wireless 
5 communication devices operating in various base station coverage areas, as well as 
between remote stations and land-line telephone users through a Public Switch 
Telephone Network, shown in FIG. 9 as the PSTN 130. Control station 120 may, 
alternatively, or in addition to, be connected to computer network 160 to provide 
communications between wireless communication devices in the communication 
10 system and various known computing devices connected to computer network 160, 
such as personal computers, mainframe computers, digital cameras, email systems, 
remotely controlled devices, and so on. 

Control station 120 typically comprises a telecommunications switch (not shown) 
1 5 and a Base Station Controller (BSC) (also not shown). The telecommunication 
switch provides a switching interface to PSTN 130 while the BSC provides the 
necessary hardware and software for communications to take place between base 
stations. Control station 120 provides other functions in the communication system 
as well, such as billing services and data services. 

20 

Control station 120 may be coupled to the base stations by various means such as 
dedicated telephone lines, optical fiber links, or microwave communication links. 
When a call is initiated by a wireless communication device, a paging message is 
transmitted to one or more base stations proximate to the wireless communication 

25 device initiating the call, generally over a paging channel. The paging message is 

routed to control station 120, where it is processed and routed either to PSTN 130 or 
to one or more base stations proximate to a wireless communication device for 
which the call is intended. When a call is initiated from PSTN 130, a paging 
message is received by control station 120 where it is then converted into a format 

30 suitable for the particular wireless communication system. 
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In the exemplary embodiment, the wireless communication device 100 is able to 
communicate in at least two modes, or types, of communications, data 
communications and voice communications. Data communication mode is used 
when it is desirous to send or receive information generally suitable for digital 
5 computational devices, such as laptop computers. Data is generally transmitted in 
discreet segments called packets. Each data packet generally contains overhead 
information used for a variety of purposes. For example, many data packets contain a 
data field used to store an error detection code. The error detection code may be used 
to check a received data packet to ensure that it was received intact; that is, the data 
1 0 was not corrupted during the transmission process. 

Voice communication mode is used when it is desirous to transmit acoustic 
information, including human speech, facsimile tones, music, or other audible forms 
of communication. In voice communication mode, audio information is transmitted 
1 5 using one or more well-known wireless communication modulation techniques, such 
as CDMA, TDMA, AMPS, and others. 

During typical voice communications, an over the air channel is established between 
one or more base stations and a wireless telephone. The channel is maintained 

20 throughout the duration of the voice call, no matter how much or little voice activity 
is occurring between the wireless telephone and the base station. In many instances, 
voice data is digitized and formatted into packets prior to transmission. Voice 
packets differ from data packets in that no information as to a destination address is 
contained within the voice packets. That is, a connection is first established between 

25 two locations, then voice data is transmitted between the two locations. No address 
information need be contained within the voice packets as the source and destination 
of the voice packets are predetermined by the connection. 

Data mode may further include a capability of transmitting voice in certain 
30 applications. In this scenario, voice is digitized using techniques well known in the 
art. The digitized voice signals may be encrypted to provide for secure voice 
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transmissions over the air. The digitized voice signals are then formatted into data 
packets, which are then transmitted over the air using well-known data transmission 
protocols. As explained above, each data packet contains information as to the 
address, or destination, of where the data packet is to arrive. 

5 

FIG. 10 illustrates the functional components of a wireless communication device, or 
wireless communication device, 100, shown in block diagram format. It should be 
understood that the components shown in FIG. 10 are merely representative of one 
mode of wireless communication device and that other communication devices may 
1 0 use different components in order to achieve similar, or even different results. The 
claims, therefore, are not intended to be limited to the system shown in FIG. 10. 

Wireless communication device 100 is capable of multi-mode communications, 
meaning that it can operate in several modes of communications, such as voice 

1 5 communications or data communications. It should be understood that voice 

communications comprise any audio information including speech, music, or audible 
tones used for call processing, modems, and facsimile machines. Data 
communications comprise synchronous or asynchronous data transmission. In 
addition to these modes, wireless communication device is also capable of other 

20 modes of communications as well. 

A user of wireless communication device 100 initiates communications generally by 
using input device 200. Input device 200 comprises a keypad in the exemplary 
embodiment, however, input device 200 could be any device which accepts user 
25 commands, such as a voice response device which converts voice commands into 
electrical signals suitable for processing by controller 202. During voice 
communications, the user speaks into microphone 204, which transforms acoustic 
energy into electrical energy and sends the electrical signals to controller 202 for 
processing. 

30 
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Microphone 204 may be substituted for input device 200 in an application where a 
second audio input device is undesirable. In many instances, a voice 
encoder/decoder, generally known as a Codec, is used between microphone 204 and 
controller 202, or is incorporated within controller 202, to convert the electrical 
5 signals from microphone 204 into a format more suitable for transmission over a 
limited bandwidth air interface. 

Speaker 206 is used to convert received electrical signals into acoustic signals. 
Speaker 206 may comprise a speaker suitable for low volume acoustic outputs, 
10 typically for use in a traditional telephone application, or speaker 206 may comprise 
a loudspeaker, suitable for high volume acoustic outputs, typically for use in a 
dispatch applications. In another embodiment, speaker 206 may comprise a 
combination of the high volume and low volume acoustic speakers. 

15 Wireless communication device 100 further comprises display 208 for allowing a 
user to view operational characteristics of the wireless communication device. Such 
displays are common in many of today's wireless devices including telephones and 
remote data terminals. 

20 Data port 210 serves as an interface between controller 202 and external hardware 
devices. Data port 210 generally allows a variety of bi-directional data 
communications to take place between wireless communication device 100 and the 
external device. Such external devices include laptop computers, facsimile 
machines, and remote data terminals, among others. 

25 

When a user initiates voice or data communications, an identification code 
corresponding to a second communication device, generally a telephone number, is 
entered using input device 200. In the exemplary embodiment, input device 200 
comprises keys corresponding to digits 0 through 9, as well as additional function 
30 keys, such as SEND, END, and so forth. Input device 200 may also comprise one or 
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more keys used to classify an outgoing communication as being a data 
communication or a voice communication. 

For example, a user wishing to initiate a data communication might press a key 
5 designated for data communications, then dial a telephone number corresponding to 
a data device that the user wishes to communicate with. In one embodiment, all calls 
from wireless communication device 100 are assumed to be voice calls, unless 
classified as some other mode of communication, as described by one of the 
methods above. 

10 

Controller 202 serves as the main computational unit of wireless communication 
device 100. Although controller 202 is shown as a single element in FIG. 10, it 
should be understood that controller 202 may comprise one or more individual 
components such as one or more Application Specific Integrated Circuits (ASICs) in 
1 5 combination with memory devices, bus controllers, and other support devices well 
known to those skilled in the art.. 

To facilitate the transmission and receipt of wireless RF signals in the foregoing 
context, an RF transceiver 212 and an antenna 214 are coupled to controller 202 for 
20 sending and receiving such signals. Similar to the controller 202, one or more 
ASICs in combination with memory devices, bus controllers, etc. may be used to 
provide the RF transceiver 212, Moreover, the aforementioned direct-conversion 
receiver may be incorporated into the RF transceiver 212 and/or controller 202 in 
any desired capacity for providing an improved system. 

25 

Working in conjunction with the controller 202 is memory 216. The memory 216 is 
a device used to store information represented in digital format. Examples of 
memory 216 include random access memory (RAM), electrically erasable 
programmable read-only memory (EEPROM), non- volatile memory, and other 
30 known storage devices. 
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Single radio multi-mode bridge transceivers described herein lead to a group of 
applications, namely, communication networks which use the technology herein. 
For example, multi-mode mesh networking can use the single radio multi-mode 
bridge as described herein to improve performance of a typical mesh network. 

5 

Mesh networks provide for robust wireless communications between distant wireless 
transceivers by using multiple redundant wireless transceivers as intermediary 
information repeaters. If a subset of these intermediary transceivers becomes non- 
operational, the system as a whole will continue to provide communication conduits 
10 through the mesh. Another specific advantage of a mesh network is that it provides 
a method to extend wireless coverage. 

For example, in use, cellular telephones coverage can be blocked by buildings or 
hills. Small cellular repeaters can be put on the buildings or hills to route the 
15 cellular signals around the obstacle. By using single-radio multi-mode bridge 

transceivers as described herein in a mesh network, the flexibility of a mesh network 
to route signals around obstacles is increased, or spectrum efficiency is optimized 
while keeping the costs of the individual bridge transceivers low. 

20 An example of such a system is illustrated in FIG. 11. In FIG. 11, a single-mode 
transceiver 301 using a first communication standard denoted Standard 1 in the 
figure sends and receives information from a remote network 313; however, an 
obstacle 314 prevents the wireless transceiver 301 from establishing a link to a 
Standard 1 Basestation 311 which is attached 312 to the network 313. A mesh 

25 network provides an alternative path to establish the connection. 

In the example in FIG. 11, the single-mode transceiver 301 can establish a wireless 
link 302, using the first wireless communication standard denoted Standard 1 in the 
figure, to another single-mode transceiver 303. Thus, the first transceiver 301 can 
30 send and receive information to the second transceiver 303. In a similar manner, the 
second transceiver can establish a wireless link 304 using Standard 1 to a third 
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transceiver 305 which is a single-radio multi-mode bridging transceiver. This 
bridging transceiver 305 can buffer information and then retransmit it using a second 
wireless standard denoted Standard 2 in FIG. 11 to another single-mode wireless 
communication transceiver 307. This single-mode transceiver 307 only 
5 communicates using wireless Standard 2. This transceiver 307 repeats information 
over a wireless link 308 to a Standard 2 wireless basestation 309 which is connected 
310 to the wired network 313. In this way, a single-radio multi-mode bridge is able 
to extend the range of a mesh network by bridging information between different 
standards. This is but one application where a single-radio multi-mode wireless 
10 bridge system would be useful. 

While various embodiments have been described above, it should be understood that 
they have been presented by way of example only, and not limitation. Thus, the 
breadth and scope of a preferred embodiment should not be limited by any of the 
1 5 above-described exemplary embodiments, but should be defined only in accordance 
with the following claims and their equivalents. 
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